Automatic Text Decomposition Using Text Segments and Text Themes by Salton, Gerard et al.
Automatic Text Decomposition
Using Text Segments and Text Themes
 	
 ﬀﬁ
ﬂﬃ !#"$%&('*),+%-/.(10 23%543%36478
9
:3&; <=>"$?:+*
@-A(B-B#", 	%A8DCEFGB	'HI0
J
'	(%ﬃ KL!-/%&('MNKﬀ8O3P-'BQR-B	%A8IQR%+
ABSTRACTSUTWVIXYVZXL[ﬀ\]T_^L[	`baLc![	dA^7eL`![;fhgigekjWjWl8VZ[ZmBVnT_okgfAc!pqd/VbT_f1o7c![&l
VZcrT_[&s/dhjt$aLdA`!`bd1uA[&lﬂcb[&VZcrT_[&s/d/jvVZ[	wIXLokT_xeL[	`ﬁdAc![;y[	w	f1pzT_oLu;T_okl
w	c![	dA`{T_ou/jW|}afAaLekj_dAcH~dAc!uA[	cDVI[ZmkVI`>w	d1onVZXL[	ony [qc![	akj_dAw	[	^
yA|T_p6af1crVZdAo1V#VI[ZmkVD[Zmw	[	cbakVZ`&tLVIXL[	c![	yA|<`{T_p6aBjWTWg|T_oLuiVIXL[>c![&l
VZcrT_[&s/dhj/VZdA`!]dAoL^vT_p6aLcbf	sT_oLu#c![&VIc{T_[&s/dhj/[& [	w&VbTWs1[	oL[	`b`H~@d1`b`!dAu1[&l
j_[&s1[&j2[&sT_^L[	oLw	[>d1yfAekVDVZX[$eL`![$fhg\#fAc!^L`T_oj_fkw	dhj%w	f1oAVZ[ZmBVI`
T_`#d/j_`bf>eL`![&g8ekjkgfAccb[	`!fhjWsT_oLuj_d1oLuAeLdAu1[#dAp$ykT_uAekTWV!T_[	`Kd1oL^zT_pil
aLcbf	sT_oLuic![&VIc{T_[&s/dhj fAekVIaLekV~

\#fip6dhT_o6VI[ZmBV^[	w	f1pqa fA`{TWVbT_f1oi`rVZcbd/VI[	u/T_[	`Kd1cb[DT_oAVZcbfk^LeLw	[	^
T_o;VZXBT_`i`{VIeL^k|/t2T_oLw&j_eL^BT_oLu}dnwZXLcbf1of/j_fAu/T_w	dhj^[	w	f1pqa fA`{TWVbT_f1o
T_oAVZf$Ł(!1Ł3/qZŁ&tkdAoL^>`![	p6dAoAV!T_wK^L[	w	f1pqa fA`{TWVbT_f1oNT_o1VIfzŁ!1Ł
ŁLZq!&~

XL[KT_o1VI[	c!dAw&V!T_fAoy[&V\#[	[	oVI[ZmkV%`b[	u1pq[	oAVZ`@d1o^VI[ZmBV
VZX[	p6[	`2T_`DVIXL[	oﬁeL`![	^VIf6wIXLdAc!dAw&VZ[	c{T_	[NVZ[ZmBV`{VIc!eLw&VIeLc![/tBd1o^
VZfNgfAc!p$ekj_dhVZ[%`ba [	w&TW3w	d/VbT_f1oL`gfAcT_okgfAc!pqd/VbT_f1ovc![&VZcrT_[&s/dhjtVI[ZmBV
VZcbd	s1[	cb`!dhjtLdAoL^<VZ[ZmBV]`!ep6p6dAc{T_	dhV!T_fAo ~
KEYWORDS:

[ZmBV`{VZcbeLw&VZec{T_oLuktIVZ[ZmBV@^L[	w	fAp6af1`rTWV!T_fAo t&`![	uhl
p6[	oAVI`Ht3VZX[	p6[	`HtBT_okg8f1cbp6dhV!T_fAo*cb[&VZcrT_[&s/d/jtad1`b`!dAu1[>c![&VIc{T_[&s/dhjt
VZ[ZmBV]`!ep6p6dAc{T_	dhV!T_fAo ~
TEXT PASSAGES AND TEXT RELATIONSHIP MAPS
SUTWVIX}VIXL[6dA^ksA[	o1V$fhg#gekjWjWl8VZ[ZmBVi^Lfkw	eLpq[	oAVaLc!fkw	[	`b`{T_oLukt@VIXL[
T_oAVZ[	cb[	`{V#T_oﬁp6dAokT_aLekj_dhV!T_ouVI[ZmBVad1`b`!dAu1[	`#c!dhVZX[	cVIXLd1ofAokjW|
geBjWjWlVI[ZmkVvTWVZ[	pq`DXLdA`w	fAo1VbT_oeL[	^VZfqu1cbf	\~>D[&VIc{T_[&sT_oLuij_dAc!uA[
VZ[ZmBVI`$T_odAoL`{\#[	c$VZfneL`![	czxBe[	c{T_[	`$VI[	oL^L`>VZfﬀy[6T_oL[&qw&T_[	o1V
y[	w	d1eL`b[VZX[eL`b[	c@T_`VZX[	og8f1cbw	[	^VIfDw	f1a[%\]TWVIX>j_d1cbu1[2p6dA`!`b[	`
fhgDVZ[ZmBVt2dAoL^;T_oL[&[	w&V!TWsA[*y[	w	dAeL`![qc![&j_[&s/dAoAV$VZ[ZmBV6aLdA`!`bd1uA[	`
fhgVZ[	oﬀaLcbf	sT_^L[y [&VbVZ[	cd1oL`r\N[	cb`VZXLdAo;w	f1pqakj_[&VZ[i^fkw	eLp6[	oAV
VZ[ZmBVI`H~F{o$d1^L^BTWV!T_fAo tAaLdA`!`!dAuA[&lj_[&sA[&jL[&sBT_^[	oLw	[dAw	w	fAeLoAV!T_oLu]g8f1c
\#f1cb^ieL`!dAuA[T_ozj_fkw	d/jkVI[ZmBV[	oAsT_c!fAoLp6[	oAVZ`@T_`2fhgVZ[	o$X[&j_akgekjkT_o
T_p6ac!f	sT_oLu]cb[&VZc{T_[&shd/j/[&[	w&V!TWsA[	oL[	`!`&t	y[	w	d1eL`b[@VZXL[Kp6[	dAokT_oLu2f/g
dAp$ykT_u1ef1eL`#VI[	c!pq`Ny[	w	fAp6[	`2w&j_[	d1c]\DX[	oEVIXL[vj_fkw	d/jw	fAo1VI[ZmBV
T_`DaLcbf1a[	c{jW|i`ba [	w&TW3[	^ ~ WZlﬂh
 
T_oLw	[zgekjWj#VI[ZmkVI`>d1cb[6oL[	w	[	`b`!dAc{TWjW|}w	fAp6af1`b[	^ﬁf/g]T_o^kTWsT_^LeLdhj
¡I¢@£	¤¦¥D¥8§ﬂ¨©Hª6«@¬H¥¥ﬂ¨­­®	¯°§±!©q¤¦²*­¬H¯°§³&ªq§ﬂ£	±i´@¬I§8¤µ®	²¬I¶·	¸¤ ±!²¸ﬂ±
¹
®	¨²©¬I§¤ ®	²D¨²©	±b¯ º	¯8¬&²&§ »(¼»F½&¾&¿&¿hÀbÁIÂ/Ã
VI[ZmBVaLdA`!`bd1uA[	`HtAd`{VIeL^k|$f/g3VZ[ZmBVad1`b`!dAu1[	`T_`2dhj_`!fvT_p6af1crVZdAo1V
g8f1c^L[&VZ[	cbpiT_okT_oLu>f	sA[	c!dhjWjVZ[ZmBV]`{VIc!eLw&VIeLc![/~KÄÅ`rVZc!ew&VZeLcbd/j^[&l
w	fAp6afA`{TWV!T_fAoDfhgkVZ[ZmBVZ`T_oAVZfaLd1`b`!dAu1[	`p6dH|VZX[	oc![&sA[	d/jAT_okg8f1crl
pqd/VbT_f1oqd1yfAekVVIXL[]V|ka[fhgVZ[ZmBVNeoL^L[	c2w	f1oL`rT_^L[	c!dhV!T_fAo tdAoL^
oLfH\]j_[	^Lu1[#fhgVI[ZmkVV|a[2d1oL^>VI[ZmBV`{VIc!eLw&VIeLc![T_o$VZeLcbo$d/[	w&VZ`
pqd1oA|iVI[ZmBVXLdAoL^kjWT_oLu>fAa [	cbd/VbT_f1o`HthT_oLw&j_eL^BT_oLu>c![&VZcrT_[&s/dhjtAVZ[ZmBV
cb[	d1^BT_oLu$d1o^EVIc!d	sA[	c!`bd/jtd1o^EVI[ZmBV`beLp6pqd1crT_	d/VbT_f1o~

X[`rVZc!ew&VZeLcb[f/gkT_oL^BTWsBT_^eLd/jVI[ZmkVI`Htf1c`b[&VZ`@fhgLc![&j_dhVZ[	^DVI[ZmBVZ`Ht
w	dAoÆy[*`rVZeL^BT_[	^Æy1|ÆeL`rT_oLu}dnVZ[ZmBV6cb[&j_d/VbT_f1o`!XkT_a;p6dAa;VZXd/V
[ZmXkT_yBTWVZ`#VZX[Dc![	`bekjWVZ`2f/g%`rT_piTWj_dAc{TWV|<p6[	dA`!eLcb[	p6[&oAVZ`%y[&V\N[	[	o
ad/T_cb`Df/gVI[ZmBVZ`HtfAc]VZ[ZmBV][Zmw	[	c!akVI`H~

|aBT_w	d/jWjW|/t[	dAwZX<VZ[ZmBV	tfAc
VI[ZmBV%[ZmLw	[	cbakV@T_`%c![	ac![	`![	oAVI[	^yA|,ds1[	w&VIf1cfhgk\N[&T_uAXAVZ[	^VZ[	cbp6`
fhg]VZX[igfAc!pÈÇiÉÊÈË8ÌkÉÍ&Î$ÌkÉÏ	Î&ÐWÐWÐWÎ&ÐWÐWÐWÎ{ÌkÉÑ&Ò\DXL[	cb[$ÌkÉÓ<c![	aLcb[&l
`b[	oAVZ`%dAo>T_p6af1crVZdAoLw	[\#[&T_u1XAVKgfAcVZ[	cbpYÔFÕDdhV!VId1wIXL[	^vVZfv^Lfkw&l
ep6[	oAV,Ç
É
~

XL[iVI[	c!p6`vd/VbVZdAwZX[	^VZfﬁ^Lfkw	eLpq[	oAVZ`]g8f1c>w	fAokl
VI[	oAVzcb[	aLc![	`b[	oAVZdhV!T_fAoﬁaLeLc!afA`![	`p6d	|}y[i\#fAc!^L`>fAc,aXLc!dA`![	`
^[	c{TWs1[	^;g8c!fApÖVZXL[<^Lfkw	eLpq[	oAVVI[ZmkVI`$yA|×dAo;d1eBVZfAp6dhV!T_w$T_okl
^[ZmkT_ouﬁaLc!fkw	[	^Lec![/tdAoL^}VIXL[$VI[	c!pØ\#[&T_uAX1VI`>d1cb[iw	f1pqaLekVI[	^
yA|<VZdAAT_oLu>T_oAVZfidAw	w	f1eo1V2VZX[fkw	w	eLcbc![	oLw	[#wIXLd1cbd1w&VI[	c{T_`rV!T_w	`%fhg
VIXL[%VI[	c!pq`LT_oVZXL[FT_oL^kTWsT_^LeLdhjB^fkw	eLp6[	oAVZ`d1oL^vVZX[%^Lfkw	eLpq[	o1V
w	fhjWj_[	w&V!T_fAo<d1`]dz\DXLf/j_[/~@ Ù
Äv`!`beLpiT_oLuVZXLdhV[&sA[	c{|>VZ[ZmBVt1f1cVI[ZmBV[Zmw	[	c!akVT_`2c![	ac![	`![	oAVI[	^
T_o*s1[	w&VZfAc#gfAc!pÚdA`Dd<`![&VDfhg%\#[&T_u1XAVZ[	^VI[	c!pq`HtBTWVT_`Daf1`b`{T_ykj_[
VIfw	f1pqaLekVZ[aLdhT_c{\]T_`b[$`{T_piTWj_dAc{TWV|nw	fk[&6w&T_[	oAVZ`]`!Xf	\]T_oLu<VZXL[
`rT_piTWj_dAc{TWV|y[&V\N[	[	oﬁad/T_cb`fhgVI[ZmkVI`DyLdA`![	^ﬁfAo}w	fhT_oLw&T_^L[	oLw	[	`
T_onVZX[$VZ[	cbpÛdA`!`{T_uAoLpq[	o1VI`]VZf<VIXL[$c![	`ba [	w&VbTWs1[>TWVZ[	pq`H~

|kakl
T_w	dhjWjW|/t2VZX[6sA[	w&VZfAc,`rT_piTWj_dAc{TWV|ﬀpiT_uAX1V$y[6w	fAp6aLeBVZ[	^dA`>VZXL[
T_ooL[	ciaLcbfk^LeLw&V$y [&V\#[	[	o;w	f1cbc![	`ba fAoL^kT_oLu<sA[	w&VZfAc$[&j_[	p6[	oAVZ`&t
VIXLdhVT_`HtÜ&Ý(ÞßË(Ç
É
ÎbÇ$àÒáÊ âäã
Õ&åæ
Ì
É
Ó,ÌàrÓtdAoL^ﬁVIXL[$`{T_pzTWl
j_dAc{TWV|qgeLow&V!T_fAo6piT_uAXAVNy[DoLfAc!pqd/jWT_	[	^,VZf>jWT_[y[&V\#[	[	o6ç>gfAc
^BT_`è{fhT_oAVDs1[	w&VIf1cb`#d1oL^vg8f1c]w	fAp6akj_[&VI[&jW|$T_^L[	oAV!T_w	dhj sA[	w&VZfAc!`&~
é
T_u1eLcb[nq`bXLf	\D`$dV|kakT_w	dhjVI[ZmBVzcb[&j_d/VbT_f1o`!XkT_anp6dAagfAc$`{TRm
VI[ZmBVZ`vT_oLw&j_eL^L[	^nT_o}VIXL[
é
eoL}dAoL^nSêdAu1oLdhjWj_`>[	oLw&|kw&j_f1a[	^kT_d
^[	d/jWT_oLu<\]TWVIXVZX[$u1[	oL[	cbd/j@VIf1akT_w$fhg#ëeLw&j_[	dAcì2oL[	c!uh|/~

XL[
^fkw	eLp6[	oAVZ`>dAaLa[	d1c>dA`ioLfk^L[	`EËs1[	c{VbT_w	[	`ZÒT_oÆVIXL[<u1cbd1aLX;fhg
é
T_u1eLcb[vhthd1o^d]jWT_oqËyLc!dAoLwIXÒdAaLa[	d1cb`y[&V\N[	[	ovV\#fDoLfk^L[	`
\DX[	oVIXL[%`{T_pzTWj_d1crTWV|y[&V\N[	[	oV\Nf#VI[ZmkVI`T_``bek6w&T_[	oAV!jW|j_d1cbu1[/~

X[$`{T_piTWj_dAc{TWV|ﬁVIXLc![	`bXLfhj_^ﬁeL`![	^ﬁVIf6yLeBTWj_^VZX[$p6dAaﬁf/g
é
T_u/l
ec![T_`çk~ çL/tHVZXLdhVT_`Hthd/jWjyLcbd1oLwIXL[	`3c![	aLcb[	`![	oAV!T_oLu2d#VZ[ZmBV@`{T_pzl
TWj_dAc{TWV|idAyf	s1[#çk~ ç32dAc![#`bXLf	\Do$fAo>VZXL[2p6dAa ~
é
T_u1ec![D]`bXLf	\D`
VIXLdhV$VZXL[q`{T_piTWj_dAc{TWV|;p6[	dA`!ec![iy[&V\N[	[	oﬀ^Lfkw	eLpq[	oAVZ`iÙhç3í
dAoL^îÙhç3HäËëeLw&j_[	dAc$ì2oL[	c!uh|?dAoL^ëveLw&j_[	dAc$Sê[	dAa fAoL`IÒ>T_`
d<XkT_uAXçk~¦ï1Ùt3\DXL[	c![	dA`]oLfq`{T_uAokTWw	dAo1Vv`{T_piTWj_dAc{TWV|ﬁ[ZmBT_`{VI`y[&l
V\#[	[	o>ð1ñAçÙvËëeLw&j_[	dAc
é
T_`!`rT_f1oÒdAoL^$í1íhòAðBÙDË

X[	c!p6fAoeLw&j_[	dAc
é
eL`{T_fAoÒZ~
22387--Thermonuclear Fusion 
19199--Radioactive Fallout 
17016--Nuclear Weapons 
17012--Nuclear Energy 
11830--Hydrogen Bomb 
8907--Fission, Nuclear 
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Figure 1: Text Relationship Map: Encyclopedia arti-
cles related to Nuclear Energy.
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Compare 2138521385--Smoking 
Figure 2: Well-Connected Map (Smoking – 16 para-
graphs, 28 links above 0.20). Smoking: History,
Health Effects, Cessation.
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Figure 3: Poorly-Connected Map (Symphony – 20
paragraphs, 15 links above 0.20). Symphony: Italy,
Germany and Austria, Haydn and Mozart, Beethoven,
19th Century, 20th Century.
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Figure 4: Text Relationship Map (17016 Nuclear
Weapons).
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Identification (encyclopedia article 17016 “Nuclear
Weapons”).
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Figure 7: Segment Similarities Reveal Text Structure
(semi-detached S1, closely related S2 through S6).
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Figure 9: Simple Text Structure – Single Theme (Encyclopedia Article 78: Abortion). a) Segmentation, b) Theme and
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Figure 11: Simple Text Structure – Multiple Themes (Wall Street Journal 37321). a) Segments (all links), b) Segments
(local links), c) Themes, and d) Theme-Segment Relations.
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Figure 12: Complex Text Structure – Large Theme (Wall Street Journal 1022). a) Segments (all links), b) Segments (local
links), c) Themes, and d) Theme-Segment Relations.
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Figure 13: Complex Text Structure – Small Themes (Wall Street Journal 493). a) Segments (all links), b) Segments (local
links), c) Themes, and d) Theme-Segment Relations.
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Table 2: Query Processing for Complex Document
Structure: Encyclopedia Article 24411 World War 1.
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Table 3: Similarity Computation Between Query and
Text Excerpts.
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Table 4: Global Text Traversal (20% Global Path): En-
cyclopedia Article 78, Abortion: p3–5–9 segment-1.
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Table 5: Equivalent Traversal Within Segments (15%
Path Within Every Segment): Encyclopedia Article 78,
Abortion: p5–9 segment-1, p21 segment 2. Single
Theme Article.
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Table 6: Important Properties for Different Traversal
Paths
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Table 7: Final Modified Traversal Path for Article 78
(Abortion).
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Table 8: Text Summary for Segment 1 (24411 World War 1).
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Table 9: Text Summary for Specialized Segment 3
(24411 World War 1).
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